Abstract Agricultural water management needs to evolve in view of increased water scarcity, especially when farming and natural protected areas are closely linked. In the study site of Doñana (southern Spain), water is shared by rice producers and a world heritage biodiversity ecosystem. Our aim is to contribute to defining adaptation strategies that may build resilience to increasing water scarcity and minimize water conflicts among agricultural and natural systems. The analytical framework links a participatory process with quantitative methods to prioritize the adaptation options. Bottom-up proposed adaptation measures are evaluated by a multi-criteria analysis (MCA) that includes both socioeconomic criteria and criteria of the ecosystem services affected by the adaptation options. Criteria weights are estimated by three different methods-analytic hierarchy process, Likert scale and equal weights-that are then compared. Finally, scores from an MCA are input into an optimization model used to determine the optimal land-use distribution in order to maximize utility and land-use diversification according to different scenarios of funds and water availability. While our results show a spectrum of perceptions of priorities among stakeholders, there is one overriding theme that is to define a way to restore part of the rice fields to natural wetlands. These results hold true under the current climate scenario and even more so under an increased water scarcity scenario.
Introduction
Water scarcity in the Mediterranean region is a critical issue and will become more extreme as the frequency of occurrence and severity of climate change impacts are projected to increase (Giorgi and Lionello 2008; Hoerling et al. 2012) . Since climate change brings new uncertainties and threats to already existing water scarcity risks, building resilience is crucial as to whether agriculture is to adapt to climate change (FAO/OECD 2012). As water scarcity becomes more noticeable and costlier, some current water management strategies will no longer be useful and the changed situation will call for adaptation strategies that directly tackle the water scarcity issue (Iglesias et al. 2011) . Nevertheless, adaptation toward water scarcity generally entails the design of new water policies which may give rise to potential conflicts among stakeholders given the discord among their perceptions and interests.
Agriculture in southern Spain suffers the most adverse effects from water scarcity as it is by far the largest waterconsuming sector (Rodríguez Díaz et al. 2007; Nieto and Rodríguez-Puebla 2006) . As climate change impacts are expected to notably worsen conditions, the adaptation of agriculture has recently received increased attention in the scientific and policy debate (UNFCCC 2011; Iglesias et al. 2011) . However, the situation becomes more complicated when water needs for agricultural and natural systems exceed the total water availability, and the attempt to satisfy the total agricultural water need is mainly caused by natural protected areas having poor ecological conservation status (Falkenmark et al. 2007) . When this occurs, the optimal provision of ecosystem services for both agricultural and natural systems cannot be reached separately, and therefore, it should be pursued for both systems as a whole rather than independently (Falkenmark et al. 2007 ).
The evaluation of climate change adaptation options is a complex process due to the stakeholders' differing needs and views, and further still the difficulties involved in quantifying the effects of the options. For this reason, adaptation assessments typically entail multiple stakeholders from different sectors as well as multiple objectives related to the use of resources and perceived benefits. Various methodologies have been used to assess adaptation options such as cost-benefit analysis, cost-effectiveness analysis and multi-criteria analysis (MCA) among others (UNFCCC 2011 ). Yet, while all these methodologies are useful tools to assess adaptation options given their inclusivity of economic, social and environmental preferences, one of the main strengths of MCA is that it can accommodate quantitative as well as qualitative information. Due to its flexibility, the use of MCA in decision-making processes for the purpose of adaptation has considerably increased in the last decade as it provides an alternative when only partial data are available and criteria are difficult to quantify. Nonetheless, there are some difficulties associated with MCA when assigning weights to criteria and standardizing scores, principally when there are a large number of criteria and they are very different in character (UNFCCC 2011). As there is not always agreement between criteria and their relative importance, stakeholder participation plays a key role on the assessment of the options.
Building resilience for adaptation to water scarcity contributes to the sustainability of agriculture and calls for the maintenance of the good ecological status of natural areas (FAO/OECD 2012) . Hence, the adaptation assessments need to jointly address changes in both agricultural and natural systems and in the benefits they provide. Thus, in order to measure the variations in the quality levels of the benefits provided by agricultural and natural systems, many authors recommend the use of the ecosystem services concept (Costanza et al. 1997; Dale and Polasky 2007) , defined as the benefits to humankind from a multitude of resources and processes that are supplied by ecosystems (MEA 2005) . However, the use of the ecosystem services concept in MCA is still largely missing, despite the fact that its consideration as criteria in the analysis represents a helpful tool to assess adaptation options effects (Daily and Matson 2008) . On the other hand, in using only ecosystem services as criteria in the MCA, some relevant socioeconomic aspects, which may be affected by the adaptation options and are not easily identified within the ecosystem services, could be missed (Koschke et al. 2012) . Thus, the combination of ecosystem services with other socioeconomic criteria is strongly recommended to assess the potential effects of adaptation options (Dale and Polasky 2007) .
Assessments of climate change adaptation strategies were until recently predominantly conducted at large spatial scales and consequently with high aggregation levels (de Bruin et al. 2009; Stern 2007; EEA 2007; Bindi and Olesen 2011) . Some studies have pointed out the need for adaptation assessments on smaller scales and regionalizing the effects of adaptation strategies that are often due to the very coarse grid of climate scenarios (Porthin et al. 2013; Kuik et al. 2011) . This study has used climate scenarios on both large (Giorgi and Lionello 2008) and small spatial scales (Spanish Agency of Meteorology 2013; Rodríguez Díaz et al. 2007 ), which generally agree on their predictions of an increase in temperature and a decrease in precipitation in the Guadalquivir river basin (Spain). In the last years, a multitude of studies have focused on adaptation analysis at regional or local scales (e.g., Huntjens et al. 2010; Porthin et al. 2013; Miller and Belton 2011 ) from which bottom-up approaches can be used to support policyand decision-making processes. In doing so, MCA is a helpful tool for decision making in natural and agricultural systems, and its use is quite well accepted in analyzing adaptation options at local or regional scale (e.g., Miller and Belton 2011; Porthin et al. 2013; Mustajoki et al. 2004; UNFCCC 2011) . This paper outlines an approach to assess the adaptation options to water scarcity in an agricultural area strongly affected by the influence of the protection of a national park where water conflicts are expected to be exacerbated with climate change. Table 1 indicates the research questions of this study and the methodological approach undertaken to address each question. Firstly, since stakeholders have different interests, they do not perceive the same adaptation needs and criteria to assess adaptation options. For this reason, an approach that relied on stakeholders' participation and included all different points of view such as MCA was used to assess adaptation options. However, the adaptation assessment is not only influenced by local stakeholders since external policies may have a crucial role in supporting adaptation. In the EU, the current Common Agricultural Policy (CAP) contributes to adaptation of agriculture in several ways (White paper 2009). Firstly, the current CAP provides a basic level of income security to farmers. Secondly, the decoupled support enables adaptation to market and agronomic conditions. Thirdly, the cross-compliance provides a framework for sustainable management of the natural environment. Finally, the rural development policy enables a large array of adaptation options involving adaptive capacity and implementing actions to be supported. However, the CAP reform could change the current contribution to adaptation in which a possible outcome of some determined policies might even lead to maladaptation. For instance, the new design in direct payments, especially the flattening, might lead to a decrease in financial support and consequently diminish the adaptive capacity of the sector. On the other hand, other proposals of Pillar I as the new 'green' payment or the enhanced cross-compliance for climate change may lead to the sustainable management of the natural resources which might help to build resilience to climate change. Pillar II also proposes some measures in order to build resilience to climate change such as improving farm advisory systems and support from research, innovation and knowledge transfer.
Case study: water for rice production near the Doñ ana National Park
Water for rice production near the Doñana National Park
The study area, hereafter Doñana rice fields, is located in the Guadalquivir River Delta (province of Seville, Spain), bordering Doñana National Park. Doñana rice fields extend over 36,000 ha and exemplify many other areas in the Mediterranean where water for agricultural production needs to be carefully reallocated in view of current and projected limitations, especially considering the conflicts between water for agriculture and water for natural ecosystems.
Building resilience to water scarcity is crucial to ensure the sustainability of Doñana rice fields as it is one of the main threats (del Moral Ituarte 1993; CAP 2007) . The average irrigation allocation for rice production is 14,000 m 3 ha -1 year -1 , making it the crop with the highest water consumption within the Guadalquivir basin. The large quantities of water consumed by rice frequently lead to conflicts between rice producers and other water users (Rodríguez Díaz et al. 2007 ). Rice farming is further threatened by the decrease in financial support from the CAP over time since it has been strongly supported by the CAP in the last decades (CAP 2007) . Finally, since the nearby wetlands of Doñana National Park are protected by UNESCO and many other international treaties, one final challenge is the need to solve competition between producers and natural ecosystems, which is expected to be more disputed as societal environmental concern increases. Climate scenarios and future water availability in Doñana rice fields Water availability for agriculture is currently challenging rice farming sustainability in the Guadalquivir basin (Spain). Proof of this can be seen in the period 1983-2013 when the average cultivated area of Doñana rice fields as a percentage of the total area decreased by more than 20 % due to recurrent droughts (CAPMA 2013) . In addition to this, climate change imposes new challenges due to the predicted decrease in water availability for irrigation and higher water demands in the Guadalquivir basin over the course of the twenty-first century (Giorgi and Lionello 2008; Rodríguez Díaz et al. 2007 ). There is observational evidence of century-long negative trends in regionally averaged precipitation and discharge from numerous Mediterranean rivers (Hoerling et al. 2012) , which has clearly been observed in the Guadalquivir basin and has accelerated toward the turn of the century (Nieto and Rodríguez-Puebla 2006) . Using multi-model simulations, Mariotti et al. (2008) state that by the end of the twentyfirst century, the average of the models predicts a 20 % decrease in land surface water availability due to precipitation reduction and warming enhanced evaporation, with a remarkably high consensus among analyzed models. This study is based on the climate scenarios of the studies mentioned above to build resilience in Doñana rice fields.
Methods

Identification and categorization of the adaptation options
The adaptation options were indentified on the basis of a previous assessment of risks, impacts and vulnerability of the area in addition to a participatory process of stakeholders (more information available in De Stefano et al. (2013) and Iglesias et al. (2012) ). The participatory process was based on three 1-day stakeholder workshops carried out in Seville between February and October 2012. Direct beneficiaries of the Doñana rice fields were identified as rice farmers, environmentalists and policy makers among others, and subsequently through a snowball sampling technique, indirect beneficiaries were identified and invited to participate in the workshops. These beneficiaries included stakeholders representing other sectors such as other agricultural activities, aquaculture and tourism. In the first workshop, stakeholders were asked to propose adaptation strategies to climate change through a brainstorming process. Subsequently, among a large number of the suggested adaptation options, stakeholders were asked to select the three options that they considered most beneficial. In the second workshop, the criteria to assess adaptation options were discussed and a final vote was conducted to reduce the number of options. In the third and final workshop, stakeholders were asked to answer a questionnaire about the weights of the criteria to evaluate the adaptation options as well as the score of the options against each criterion. Some questionnaires were sent via e-mail to those stakeholders who did not attend the third workshop. In total, twenty-three questionnaires from stakeholders were analyzed and used to conduct the MCA. The respondents were classified into three different stakeholder groups, rice farmers (n = 8), environmentalists (n = 6), and experts and policy makers (n = 9).
Additive value function of MCA Multi-criteria analysis is an approach within multi-attribute value theory, in which the overall values of the alternatives are composed of the scores of the alternatives with respect to each criterion, and of the weights of the criteria (Keeney and Raifa 1976) . Each alternative is assigned a score v i (x i ) for each criteria at the last level x i (in our case 3rd criteria level). The overall value V (i.e., standardized score) of an alternative (i.e., adaptation option) is then calculated using an additive value function:
where w k , k e (1, 2,…, q), w j , j e (1, 2,…, p) and w i, i e (1, 2,…, n) are the weights of the first, second and third criteria, respectively. The values of the criteria weights w k , w j , w i and scores of the adaptation options v i (x i ) used in Eq. (1) were the median of the values estimated by stakeholders. The median value has the strength over the average value that is not affected by extreme values. In this case study, the criteria were assumed as mutually preferentially independent.
Criteria to assess adaptation options for the MCA The next step was to define the criteria on which the implementation of the options might have some effect. The structuring of the criteria to evaluate the adaptation options was carried out by the research group itself. The selection of the criteria was based on the literature review (e.g., Miller and Belton 2011; Mustajoki et al. 2004; Koschke et al. 2012 ) and the information collected from the workshops about stakeholders' needs and interests. The criteria were grouped by themes and aggregated in three different levels. The selected criteria included the ecosystem services that could be modified by the implementation of the proposed adaptation options with other socioeconomic criteria that turned out to be relevant based on the opinion of the stakeholders. The ecosystem services included in the analysis for Doñana area are described in Martín-López et al. (2011) and Palomo et al. (2012) . Figure 1 shows the criteria tree and the adaptation options included in the assessment. It describes the aggregation of the criteria groups within the three criteria levels. The adaptation options were scored over the third criteria level. The third criteria level includes the ecosystem services that act as criteria (gray boxes) and other socioeconomic criteria (transparent boxes). The ecosystem services of the assessment include provisioning services (criteria 6, 7 and 9); cultural services (criteria 10, 15, 16 and 17); and regulating services (criteria 19, 20, 21 and 22) .
Weighting methods for the MCA
The weights of the criteria indicate their relative importance in the adaptation options assessment. Therefore, it is important to establish a clear mechanism for weighting selection. In doing so, we estimated the criteria weights according to the stakeholders' perceptions by three different approaches: (1) analytic hierarchy process (AHP), (2) Likert scale and (3) equal weights. The use of three different methods for estimating the criteria weights allows obtaining a final estimation more accurately and also a comparison of the different methodologies (Koschke et al. 2012) .
In this study, the weights of the criteria were separately assessed within each criteria group. The criteria groups are formed by the criteria of an upper level. For instance, in the first level there is only one criteria group with three criteria (i.e., 1. Economic, 2. Social and 3. Environmental). In the second level within the economic criteria, there is one criteria group with two criteria (i.e., 4. Monetary terms and 5. Non-monetary terms). In the third level, within the criteria of monetary terms, there is one criteria group with three different criteria (i.e., 6. Rice production, 7. Other productions and 8. Construction costs). It could be argued that the fact that the number of third-level criteria differs per first-and second-level criteria may lead to imbalance. However, since the weights of the first, second and third criteria were independently estimated by criteria groups, the values of the weights of first-level criteria were not influenced by the other criteria levels and vice versa. Therefore, a different number of third-level criteria did not affect the estimation of the criteria weights for the MCA.
1. Stakeholder weighting using AHP. For each of the criteria groups, stakeholders were asked to compare each criterion with every other criterion within the same group on an AHP scale from 1 to 9, indicating the relative dominance of one criterion over the other in order to obtain criteria weights (see Saaty 1977) . 2. Stakeholder weighting using the Likert scale. In this approach, stakeholders were asked to state their preferences toward every criteria referring to a Likert scale from 1 (not at all important) to 10 (very important). As a result, we calculated the relative weights of each criterion. 3. Equal weights. Here, weights are simply calculated by dividing 1 by N, where N is the number of the criteria. The incorporation of this approach in the analysis allows the comparison of the weights with the previous approaches.
The main difference between AHP and Likert scale is that while Likert scale is the direct valuation of each criterion in a given scale, AHP establishes priorities among the criteria by making pairwise comparisons of criteria. For instance, in the criteria group of the first level (i.e., 1. Economic, 2. Social and 3. Environmental) in the approach of Likert scale, stakeholders were asked to state the importance of each criterion in a Likert scale. However, in the AHP approach, stakeholders were asked to do three different pairwise comparisons (i.e., Economic vs. Social; Economic vs. Environmental; and Social vs. Environmental). In each pairwise comparison, the stakeholder should indicate the relative dominance of one criterion over the other in a scale from 1 to 9.
Scoring and ranking of adaptation options in the MCA
The adaptation options were independently scored on two different water scarcity scenarios. In the Current water scarcity scenario, the water availability is the current one [there is only water to irrigate 80 % of the total area since it is the actual average cultivated surface in the period 1983-2012 due to recurrent droughts (CAPMA 2013) ]. In the Increased water scarcity scenario, water availability is 10 % lower than in the Current water scarcity scenario due to future predictions. The latter scenario was based on the climate scenarios described in Sect. ''Climate scenarios and future water availability in Doñana rice fields''. All these climate scenarios agree on a generalized decrease in water availability but differ in the quantity of reduction. Thus, the selection of a reduction of 10 % in water availability might be considered relatively conservative; however, it is in line with the climate scenarios described for the Guadalquivir river basin. Some criteria were measured in monetary terms (criteria 6, 7 and 8, see Fig. 1 ). Table 3 shows the economic valuation of the options measured in 2012. Since MCA allows us to include data in different measurement units, the score of the options in these criteria was included directly in monetary terms. The rest of the criteria were scored by the stakeholders according to how well they would address adaptation needs under current and increased water scarcity scenario. A score of -100 corresponded to the greatest negative effect of the individual option, ?100 to the most positive and 0 if the adaptation option did not affect that criterion or the effect could be considered as insignificant. The value to be taken into account in the analysis was the median of the values estimated by the stakeholders in order to avoid extreme values. Finally, the ranking of the adaptation options was completed using MCA and was based on the weighted sum of the scores on the different criteria. The aggregate results and sensitivity analyses of the MCA were conducted by Web-HIPRE software (Helsinki University of Technology 2013).
Land-use optimization for building resilience to water scarcity In this study, adaptation options were not assumed to be mutually exclusive, and the combination of the options was analyzed by a land-use optimization model. The MCA outcome expresses the standardized scores of each adaptation option. This score determines the utility provided by each option in terms of economic, social and environmental criteria. The utility of the land use was determined based on the standardized scores for those criteria on which an alternative land use was proposed (e.g., return to natural wetlands, extensive livestock, etc.). In doing so, it was then possible to define the optimal land-use distribution in terms of maximizing the utility of the study area.
The model presents a multi-objective problem, where two different objectives are pursued, maximizing the utility from MCA results and maximizing the land-use diversification. Land-use diversification is one of the objectives as diversification per se is an adaptation strategy (Zoroma et al. 2013) and it turned out to be relevant during the participatory process. In order to solve this multi-objective problem, a mixed integer linear programming (MILP) model was utilized, where the objective function is:
where U is the expected utility; Z is the utility provided by each land use (Eq. 3); and R is the utility provided by the land-use diversification (Eq. 4).
where MCA i is the average utility provided by the land use i obtained from MCA results and X i is the area of land use i.
R is the utility provided by the land-use diversification. I i is a parameter that can only take the value 0 or 1, and I i is 0 when X i is lower than the considered minimum area to be beneficial for land-use diversification and 1 if X i is greater than or equal to the considered minimum area. Ku is the land-use diversification coefficient to duly calibrate and validate the model. It was assumed that the minimum area to provide benefits to society from a land-use diversification was 3 % of the total rice field area, which equalled approximately 1,000 ha. As far as the authors know, there is no source of the minimum area required for benefits. However, in the scientific literature, there are numerous studies that underpin the benefits that diversification can provide for the resilience of socioecological systems (e.g., Zoroma et al. 2013; Bindi and Olesen 2011) . The choice of the minimum beneficial area from land-use diversification is open to interpretation, however, by not setting a minimum area we could be left with an unfeasible solution such as dividing \1 ha of land into various different practices.
The model is subject to three different constraints, regarding the availability of land, water and budget. Firstly, the availability of land has to be lower than or equal to the rice field area (Eq. 5). Secondly, the availability of water differs in the two water scarcity scenarios (Eq. 6) which are described in Sect. ''Scoring and ranking of adaptation options in the MCA''. Thirdly the availability of budget to invest in adaptation options was evaluated by several scenarios using a sensitivity analysis (Eq. 7). The MILP model is solved with the program General Algebraic Modelling System (GAMS).
where LA is the total land availability; WN is the water needs of 1 ha of land use i; WA is the total water availability; CN is the necessary costs to implement 1 ha of land use i; and BA is the total budget available for investment.
Results
Adaptation options: building resilience to water scarcity in Doñana rice fields
Among the large number of adaptation options (Op) suggested by stakeholders, eight were selected according to their ability to build resilience to water scarcity, feasibility of implementation and by attempting to include the interests of all stakeholders. This section responds to the first research question about how stakeholders perceive the need for adaptation. It summarizes how stakeholders perceived the options during the participatory process and shows MCA results analyzed separately for each stakeholder group (see Table 2 ). Table 3 shows the economic valuation of the adaptation options for the criteria measured in monetary terms. The option of Irrigation infrastructure (Op 1 ) was strongly supported by rice farmers since the measure aimed to ensure a greater quantity of water for rice production than currently, and consequently, it would enhance rice farmers' welfare. However, its construction would be relatively expensive and would provoke environmental damages in the riparian zones of the Guadalquivir river (Iglesias et al. 2012 ). Due to the effects provoked by this measure, Op 1 would be perceived differently by rice farmers and environmentalists, and hence, there was significant disagreement on the level of acceptance. Land purchase (Op 2 ) would have the highest implementation cost because of the relatively elevated price of the rice land (the most frequent price of 1 ha of rice field in Seville was 27,471 €) (CAP 2011), and it was strongly supported by environmentalists. WFD compliance (Op 3 ) would provide the highest water saving and consequently very high economic losses for rice farmers given a great reduction of the cultivated area due to a lack of water availability. For this reason, there was also a significant disagreement on the support for this option. Extensive livestock (Op 4 ), Aquaculture (Op 5 ), Other crops (Op 6 ) and Wetlands (Op 7 ) were proposed to change 20 % of the current land use while maintaining the same current public rice farming subsidy independently of the land use. These measures would increase the diversity of land uses and would be in line with the European Commission's proposal which highlights the need to move toward fully decoupled crops and to establish a flat fee that puts an end to the historical prioritization of water-intensive crops (European Commission 2011). All these options were slightly opposed by rice farmers because of a common denial to change their current agricultural practices and positively supported by environmentalists because they would save water and diversify the land use that was generally seen as beneficial in order to lower the climate change vulnerability of the area. So as to compare the current situation with the performance of the rest of the adaptation options, a status-quo situation [i.e., Business as usual (Op 8 )] was incorporated in the analysis. Therefore, while all the listed options represented water saving, Business as usual (Op 8 ) proposed to continue with the same water consumption.
In order to respond to the research question of how the CAP reform may contribute to adaptation, several proposals of the CAP reform were included among the adaptation options. The option of Compliance of WFD (Op3) and the new 'green' payment are some of the CAP reform proposals that can contribute to building resilience to climate change through the sustainable management of the natural resources. The proposal of the new 'green' payment was not included in the assessment due to the fact that rice cultivation would not be affected by this measure. Finally, the proposal of moving toward fully decoupled crops and to establish a flat fee is addressed in the options Op4, Op5, Op6 and Op7, which proposed changing 20 % of the current land use while maintaining the same public subsidy.
Criteria weights
In order to respond to the research question of how stakeholders perceived the relative importance of the criteria when assessing adaptation strategies, three different approaches were used to estimate the criteria weights. Table 4 shows the criteria weights calculated from pairwise comparisons AHP, Likert scale and equal weights. As shown, the trends of the weights distribution were similar for the three weighting methods except in the first criteria level, where stakeholder preference toward Economic (1), Social (2) and Environmental (3) criteria notably varies. The strong stakeholder preference toward the environment is noticeable, which could be explained by the close proximity of the Doñana National Park potentially leading to an elevated societal environmental concern (García de Jalón et al. 2013) . It is noteworthy to highlight that despite the proximity of the Doñana National Park, an economic criterion such as Constructions costs (8) was the criterion with the highest weight among the third-level criteria. The highest-weighted criteria within the groups of social and environmental criteria were Reduce inequality (18) and Habitat for rest of species (20), respectively.
The criteria of Habitat for birds (19) and Habitat for rest of species (20) belong to the same ecosystem service, which is called Habitat for species (MEA 2005; Palomo et al. 2012; Martín-López et al. 2011 ). However, it was assumed that Doñana rice fields could provide different or even contrary effects on these two criteria given the quantity, diversity and fame of the local bird population. While due to the use of pesticides and herbicides rice fields can negatively affect the habitat for a multitude of species (del Moral Ituarte 1993; Tortosa et al. 2011) , they also can provide notable benefits for birds since they provide food et al. (2012) during the summer when habitually natural wetlands dry up. Therefore, rice fields have positive repercussions on some species and negative on others. Thus, in order to score the options more accurately, the research group decided that the criteria of Habitat for birds (19) and Habitat for rest of species (20) should be separately assessed.
The mean standard deviations of criteria weights (SD) show the ambiguity of the judgments of the weights and the degree of disagreement among the stakeholders due to their different interests. Unsurprisingly, the higher weights lead to higher deviations, for example, the criterion of Construction costs (8) has both the highest weight and mean standard deviation. The lowest SD values are within the environmental criteria, whereas the highest ones are within the economic criteria. Figure 2 presents the results of the MCA and aims to respond to the research question of what were the best adaptation options to ensure resilience to water scarcity in Doñana rice fields according to stakeholders' view. It shows the standardized scores of the adaptation options at the first criteria level (environmental, social and economic criteria). As shown, the standardized scores of the options are similar for both water scarcity scenarios. The option of Wetlands (Op 7 ) has the highest score in both scenarios, implying that its implementation would provide the highest utility for the society as a whole. Similarly, Irrigation infrastructure (Op 1 ) has the lowest score due to its elevated environmental impact and hence a low score on the criteria within the environmental group. Land purchase (Op 2 ) together with Wetlands (Op 7 ) has the highest score in the environmental and social criteria but also has the lowest score in the economic criteria due to its elevated cost. Business as usual (Op 8 ) has the highest score in the economic criteria as it would not imply any construction cost. It is noteworthy that Op 8 has a total standardized score higher than other options, which reflects that there are not many feasible alternatives to the current land use in the area, where natural wetlands seem to be the best alternative to rice fields regarding the current lack of water availability. The scores of Land purchase (Op 2 ) and Wetlands (Op 7 ) considerably increase in the Increased water scarcity scenario, which confirms the fact that under a climate change context, the conversion of part of the rice fields to natural wetlands is even more favorable. It could be explained by the fact that as water scarcity increases, provisioning ecosystem services such as agricultural production become less profitable. However, regulating and cultural services such as biodiversity, water quality and climate regulation seem to become more relevant as water availability decreases. It is also worth noting that in the Increased water scarcity scenario, the scores become more extreme than in the current scenario, i.e., the highest scores in the current water scarcity become higher in the Increased water scarcity scenario and vice versa with the lowest scores.
Ranking of adaptation options
Optimal land-use combination under different scenarios
Among the aforementioned adaptation options, five different land uses were proposed in the optimal land-use assessment. In order to respond to the research question of what is the optimal mix of land use, Table 5 presents a sensitivity analysis according to different scenarios of water and budget availability. Based on the standardized score from MCA results, the land use with the highest utility is natural wetland. Thus, as the budget availability increases, the percentage of wetlands also increases. As seen, the minimum budget to obtain the maximum utility in both water scarcity scenarios, without regard to the Ku coefficient, is approximately € 25 million. It is noticeable that without the implementation of any adaptation options, i.e., at zero budget availability, the average annual surface that remains uncultivated and useless for other land uses ranges from 20 to 28 % of the total surface. As shown, the minimum budget to totally cover the study area (i.e., 36,000 ha) with profitable land uses is approximately €5 million and 7 million in the current water scarcity and in the increased water scarcity scenario, respectively.
The model was tested for three different values of the land-use diversification coefficient (Ku) in order to analyze the possible support by policy makers of the land-use diversification. At the maximum utility level, the land-use distribution varies considerably among the three different values of Ku coefficient. At Ku equal to zero, the optimal land-use distribution is only wetland, whereas with Ku equal to 200 the optimal land use is a mix of rice, wetlands, extensive livestock, aquaculture and other crops such as sunflower, cotton and sugar beet.
Discussion
It is worth noting that there are some limitations to our findings. Firstly, the interests and perceptions of stakeholders greatly varied since some options were strongly supported by some stakeholders and at the same time notably rejected by some others. This reflects the complexity and delicacy of the process in which the participation of all stakeholders played a key role. The list of proposed adaptation options for the rice fields did not capture the full range of possible options as it did not include all those proposed during the participatory process. Nevertheless, if all options had been included, this would have led to an extremely complex evaluation, and as such, it was decided to select the eight most important options that encompassed the interests of all stakeholders. For n = 23 (n farmers = 8; n environmentalists = 6; n experts = 9) some determined criteria, such as cultural and regulating ecosystem services, the scores of the options may be considered as relatively imprecise. However, it can be justified by a lack of available data and uncertainty, which is widely acknowledged in the measurements of changes in the provision of ecosystem services (Boyd and Banzhaf 2007; Daily and Matson 2008 ). The optimization model was particularly simple for a small area and included neither a wide range of land uses nor restrictions. This is due to the study's aim to develop a simple easy-to-understand approach to assess adaptation measures which can be easily transferred to other case studies. Due to a lack of detailed information about soil characteristics of the study area, our optimization model is non-spatially dependent. In this way, the model only suggests an optimal land-use distribution independently of what areas within Doñana rice fields would be more or less favorable for each land use. Thus, further research on soil characteristics and the specific performance of each land use in the different parts of the study area are needed before putting into practice the land-use conversion suggested by the optimization model.
Despite these limitations, this study presents an innovative way to evaluate adaptation strategies with the purpose of building resilience to water scarcity in southern Spain. This work provides a comprehensive stakeholder assessment of the adaptation options by jointly analyzing the variations in the affected ecosystem services and relevant socioeconomic criteria. Likewise, this paper also shows an approach to analyze the combination and synergies of adaptation options and optimal land-use distribution under different scenarios.
Our approach by three different weighting methods also allows the comparison of them. In our analysis, we concluded that Likert scale was much easier to implement than AHP although it had some limitations. In Likert scales, some stakeholders expressed the maximum weight for all the criteria within the same group, which led to equal weights and impeding to differentiate the relative importance of those criteria. On the other hand, the drawback of AHP was that it required a greater number of questions than Likert scale and that some stakeholders had problems in doing pairwise comparisons between some determined criteria. These results suggest that both approaches may provide some errors due to their applicability. Previous studies have also highlighted these findings and recommend combining different approaches of weighting criteria in order to minimize errors and obtain a more precise estimate (e.g., Koschke et al. 2012; Mustajoki and Hämäläinen 2000) .
Since the main concern for this region is an increase in water scarcity, all the adaptation options involved a reduction in water consumption and consequently a water saving that would make more water available for other uses. Nevertheless, the feasibility of the listed options was generally seen by stakeholders as low due to the biophysical and socioeconomic limitations of the area. del Moral Ituarte (1993) stated that there are not many land-use alternatives for rice production in the area due to elevated salinity concentrations in the soils and wetland terrain. Thus, keeping the rice fields and not implementing any adaptation option (Op 8 ) had higher total scores than other options.
MCA results indicate that the conversion of part of the current rice area to natural wetlands (Op 7 ) is the best adaptation option in both water scarcity scenarios and consequently provides the greatest utility to society. Due to the lack of water availability to satisfy the water needs of the area, the conversion to natural wetlands in the driest areas of the rice fields seems to be the option that could provide the highest benefits at lowest cost. It would provide water for other uses and at the same time would be a buffer zone of the Doñana National Park, increasing the regulating and cultural ecosystem services of the area. Nonetheless, this option has the limitation that it is subject to maintaining the current public rice farming subsidy in which the 2014 CAP reform will play a key role. This option had the highest score in the ranking in spite of the fact that during the participatory process it was not seen by most of rice farmers as a suitable adaptation option to climate change. However, regarding its low economic costs, it provides a considerable improvement in the majority of the ecosystem services. On the other hand, the construction of Irrigation infrastructure (Op 1 ) had the lowest score despite being the option most desired by rice farmers. This reflects the relatively high degree of disagreement among stakeholders which came out during the participatory process. While rice farmers mainly claimed the need to ensure the future water supply for rice production disregarding environmental cost, environmentalists strongly insisted on the purchase of the rice fields by the public state in order to protect the wetlands of Doñana National Park at any economic cost. This level of disagreement is also reflected in the high values of the mean standard deviations of the criteria weights (Table 3) .
The assessment of the adaptation options through the MCA results provides information supported by the stakeholders in terms of a prioritization of the options. However, implementing local adaptation policies frequently requires specific information about to what extent the options should be implemented, which cannot be provided by a simple MCA. Thus, the combination of this information with an optimization model allows for the analysis of the degree of adoption for each option under different scenarios. In this study, the MCA results suggest that the conversion into natural wetlands seems to be the most beneficial option. However, this may change if policies were to seek other objectives such as financial capital saving or promoting economic development among rural populations. This implies that the land-use conversion may be subject to the budget available for investment in spite of the apparent benefits of the wetlands. Thus, the combination of both approaches allows the optimal balance between surface of wetlands and rice fields to be estimated, taking into account imposed constraints or objectives sought by policies (Table 5 ).
Conclusions
Our study in Doñana rice fields shows that the most widely supported adaptation options to increased water scarcity are either the conversion of the current land use or the improvement of irrigation infrastructure. However, our results show a spectrum of perceptions of priorities among stakeholders. While the MCA scores of rice farmers indicate that the most beneficial option is to keep the rice fields as they are, both experts and environmentalists suggest a conversion of the land to natural wetlands. In this way, the restoration into natural wetlands seems to be the most beneficial option according to the stakeholders included in this assessment. These results hold true under the current climate scenario and even more so under an increased water scarcity scenario. The optimization model suggests that the maximum utility is reached at more than € 25 million. However, at approximately € 5 million water scarcity would not represent an impediment to the complete use of the total area, and therefore, the whole area would be providing ecosystem services. To this end, a combination of MCA and an optimization model based on stakeholders' opinion seems to be particularly appropriate to assess adaptation options.
